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TEG plant simulationAbstract Natural gas is an important energy source among other sources of fossil fuels. It is usu-
ally produced saturated with water vapor under production conditions. The dehydration of natural
gas is very important in the gas processing industry to remove water vapor present in the gas stream
which may cause hydrate formation at low-temperature conditions that may plug the system. The
most common practice to remove water from natural gas streams is to use TEG (triethylene glycol)
in the gas dehydration process.
This paper focuses on modeling and simulation for revamping a dehydration gas plant named
‘‘Akik” existing in Egypt and owned by Khalda Petroleum Company. The plant was almost depre-
ciated, and the company administration decided to revamp it and at the same time perform the nec-
essary modifications in order to cut down the equipment cost and reduce energy consumption. To
achieve this target the existing plant configuration was simulated using Aspen HYSIS program. The
model has been built according to the actual process flow diagram. The results of this model could
be considered as a basis on which a new heat and material balance will be developed for the plant.
Three different alternatives were investigated and evaluated to choose the optimum one with respect
to the minimum equipment cost, provided keeping the same specifications and quantity of the pro-
duced gas.
 2015 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).1. Introduction
Natural gas is usually produced saturated with water vapor.
Water vapor increases natural gases’ corrosivity, especially
when acid gases are present [1]. Extensive literature is available
on common gas dehydration systems including solid and liquid
desiccant and refrigeration-based systems [1–4]. There areseveral methods of dehydrating natural gas. The most com-
mon of these are liquid desiccant (glycol) dehydration and
solid desiccant dehydration [5–9]. TEG is by far the most com-
mon liquid desiccant used in natural gas dehydration as it exhi-
bits most of the desirable criteria of commercial suitability
[10,11]. The contact between a wet gas and glycol can be made
in any gas–liquid contact device. Operating experience and
thorough engineering have proved that it is necessary to reduce
and control the water content of gas to ensure safe processing
and transmission. This study focuses on the process simulation
for revamping a dehydration gas plant named ‘‘Akik” existing
476 H.A. El Mawgoud et al.in Egypt and owned by Khalda Petroleum Company using
Aspen HYSIS program.
2. Process description of existing Akik gas plant
Akik gas plant is a facility designed to process raw gas to
export quality gas and liquid. The plant comprises the follow-
ing main process units:
(1) Dew point control by refrigeration.
(2) Glycol dehydration.
(3) Condensate stabilization.
(4) Gas compression unit.
(5) Inlet gas/liquid separation.Light 
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Figure 1 Actual block processA steady state model of Akik gas plant has been built using
Aspen HYSYS [12] in order to simulate the operating process
as well as all equipment included in the plant. This plant is fed
with natural gas from Qasr Well field. Three different options
were applied to find out the optimal one with respect to equip-
ment cost reduction in the revamp process. The model has
been built according to the actual process flow diagram illus-
trated (original case) in Fig. 1.
Feed gas enters the three-phase separator V-2091 at
7000 kPa and 54 C (stream 1) where water and liquid
hydrocarbons (condensate) are separated. Natural gas leaves
from the top of the separator and flows to the filter coalescer
S-2092 for further separation of liquid condensates. Conden-
sates from V-2091 and S-2092 are mixed in the condensate
header (stream 12) with the condensate coming from gas/liquidFinal sales 
dry gas 
Sales dry gas 
compression 
station
Gas/Liq 
Exchanger. 
E-2891 
13
Cold liquid 
to E-2891 
TEG 
Dehydration 
pkg 
Cold 
separator 
V-2190
tem
Water to drain 
Liquid condensate
Dry gas 
5
6
4
(3) 
10
11 
Propane 
package
Propane  
make up 
Scrubber V-2893
Chiller E- 2893 
6
diagram of Akik gas plant.
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Figure 2 Block process flow diagram for Akik gas plant dehydration and propane package.
Table 1 Stream conditions of Akik gas plant original case.
Stream no. Mass flow rate
(kg/h)
Temperature
(C)
Pressure
(kPa)
Gas streams
1. 21,060 54 7000.0
2 17719.4 54 7000.0
3 17617.5 84.7 7000.0
4 17617.5 80.16 6950.0
5 17617.5 4 6900
6 16893.872 4 6900
Liquid streams
10 723.6 4 6900
11 723.6 79.15 6850
12 3340.5 54 6850
13 4064.1 45 6850
Revamping of dehydration gas plant 477exchanger 2891 and traces of condensate coming from the
TEG dehydration pkg. Finally, the condensate (stream 13)
flows to the condensate stabilization system for final separa-
tion of light-ends and the condensate leaves from the bottom
of the stabilization system at 11 psia RVP (Reid Vapor
Pressure).
The details of TEG package are shown in Fig. 2. From filter
coalescer S-2092, the natural gas flows to the contactor tower
C-2791 (stream 2) for water removal. The gas enters contactor
tower from the bottom where it meets lean glycol solution with
purity 99.6 entering the tower from the top (number of stage 5,
top stage temperature [84.38 C], bottom stage temperature
[55.079 C], top stage pressure [7000 kPa] and bottom stage
pressure [7000 kPa]. The rich glycol solution leaves from the
bottom of the tower (stream 15) and flows through the throt-
tling valve to decrease the pressure to 1.5 bar then to glycol fil-
ter F-2790, heat exchanger E-2791 (with the duty
860661.1 Btu/h) and glycol reboiler R-2790 to the glycol stabi-
Table 2 Composition of inlet feed stream to Akik gas plant.
Component Mole fraction
Nitrogen 0.0063
CO2 0.086491
Methane 0.766232
Ethane 0.070641
Propane 0.02518
i-Butane 0.00418
n-Butane 0.00761
i-Pentane 0.00259
n-Pentane 0.00278
n-Hexane 0.00321
Benzene 0.00076
n-Heptane 0.00357
Toluene 0.00142
n-Octane+ 0.00372
E-Benzene 0.00017
p-Xylene 0.00059
m-Xylene 0.00059
o-Xylene 0.00027
n-Nonane 0.00163
1-Decene 0.00208
n-C11+ 0.01
Table 3 Feed stream conditions to Akik gas plant (stream 1).
Item Pressure
(kPa)
Temperature
(C)
Mass flow
rate
(kg/h)
Density
(kg/m3)
Mol.
wt.
Akik feed 7000 54 21,060 76.62 24.84
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Figure 3 Block process flow diagram
Table 4 Stream conditions of option no. 1.
Stream no. Mass flow rate
(kg/h)
Temperature
(C)
Pressure
(kPa)
1-Gas streams
3 17617.5 84.7 7000
4 17617.5 80.16 6950
5 17617.5 75 6900
6 17617.5 4 6850
7 16893.87 4 6850
8 16893.87 0.2 6800
2-Liquid streams
10 723.6 4 6900
11 723.6 79.15 6850
12 3340.5 54 6850
13 4064.1 45 6850
478 H.A. El Mawgoud et al.lizer separator T-2791 (number of stage 5, top stage tempera-
ture, 100 C, bottom stage temperature, 205 C, top stage pres-
sure, 120 kPa, bottom stage pressure, 150 kPa and reboiler
ratio 0.07 (stream 16) where gases and water vapor exit from
the top and lean glycol returns to 7 E-2791 (stream 17).
Dry gas leaving the top of the contactor tower (<64.1 kg
water/MMSCM gas, the hydrocarbon dew point of residue
gas (0.543 MMSCM) is 3.6 C and hydrate formation temper-
ature is 7 C) (stream 3) flows through the tube side of the
gas/liquid exchanger E-2891 (with the duty 107313.13 kJ/h)
and the propane package scrubber V 2893 (stream 4), then
to the propane chiller E-2893 to reduce its temperature from
40 C to 4 C. Gas from the chiller (stream 5) flows to the cold
separator V-2190 for final liquid removal and flows to the salesy gas to compressor 
in figure (1)
as exchanger 
E-2892 
arator V-2190
d Gas  
Propane make up
7
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6
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for Akik gas plant (option no. 1).
Table 5 Specifications of lean glycol solution and propane
refrigeration in option no. 1.
Specifications Lean glycol solution Propane refrigeration
Pressure
(kPa)
6950 400
Temperature
(C)
153 5
Circulation rate
bbl/day
315 5475
Concentration 99.6% mass 100% propane
Table 6 Stream conditions of option no. 2.
Stream no. Mass flow rate
(kg/h)
Temperature
(C)
Pressure
(kPa)
1-Gas streams
3 17617.5 56 7000
4 17617.5 40 6950
5 17617.5 4 6900
6 16893.872 4 6900
2-Liquid streams
10 723.6 4 6900
11 723.6 79.15 6850
12 3340.5 54 6850
13 4064.1 45 6850
Revamping of dehydration gas plant 479gas compressor while the cold liquid separated (stream 10)
flows to E-2891 to cool the feed gas from contactor tower.
The stream numbers of gas are from 1 to 8 while liquid stream
numbers are from 10 to 13 and glycol stream numbers are from
15 to 19. Stream conditions are shown in Table 1.
2.1. Equations of State (EOS) used in Aspen HYSYS
Equation of State models has proven to be very reliable in pre-
dicting the properties of most hydrocarbon based fluids over a
wide range of operating conditions. Their application focuses
on primarily non-polar or slightly polar components. The
Peng–Robinson (PR) model is ideal for VLE calculations as
well as calculating liquid densities for hydrocarbon systems.Liquid condensate liquid  
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Figure 4 Block process flow diagram2.2. Feed conditions (Qasr Well analysis)
Table 2 shows the composition of inlet feed stream to Akik gas
plant according to the data provided by the Egyptian Mainte-
nance Company. The analysis of Qasr Well stream is on dry
basis. Table 3 shows the conditions of the inlet feed stream
to the plant.
3. Proposed options for revamping the Akik gas plant
Three different options for revamping were applied on the pro-
cess in Akik gas plant model. The results of this model were5 
as to  compressor 
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of Akik gas plant (option no. 2).
Table 7 Specifications of lean glycol solution and propane
refrigeration in option no. 2.
Specifications Lean glycol solution Propane refrigeration
Pressure
(kPa)
6950 400
Temperature
(C)
60 5
Circulation rate
(bbl/day)
1069 5500
Concentration 99.5% mass 100% propane
Table 8 Stream conditions of option 3.
Stream no. Mass flow rate
(kg/h)
Temperature
(C)
Pressure
(kPa)
1-Gas streams
3 17615.5 56.45 7000
4 17617.5 51.73 6950
5 17617.5 4 6900
6 16893.9 4 6900
2-Liquid streams
10 723.6 4 6900
11 723.6 79.15 6850
12 3340.5 54 6850
13 4064.1 45 6850
480 H.A. El Mawgoud et al.considered a basis for new heat and material balances devel-
oped for the plant. The three options are as follows:
3.1. Option no. 1
3.1.1. Process description
In this option a gas/gas heat exchanger E-2892 is added to use
the cold gas coming out from cold separator V-2190 (with the
duty 906081 kJ/h) (stream 6) to cool the dry gas (stream 4)
before entering the propane package. Also in this option we
add a refrigerant condenserE-2894 in propane package to save
an amount of propane needed to cool the dry gas before com-
pressor station.
The modification is illustrated in Fig. 3. The new conditions
of streams are given in Table 4, while the specification of lean
glycol solution and propane specifications are shown in
Table 5.
In this option the dry gas leaves from the top of the TEG
(less than 64.1 kg water/MMSCM) and the rich glycol solution
leaves from the bottom and flows to the glycol regeneration
system.
 The hydrocarbon dew point of residue gas is 3.6 C.
 Hydrate formation temperature is 7 C.Wet gas 
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Figure 5 Block process flow diagram Condensate production is around 422 kg/h with RVP
75.8 kPa.
 The amount of stripping gas needed for glycol regeneration
is around 3398 SCM/D.
 The equipment needs to be added as the new operating con-
ditions are as in Table 10.
3.2. Option no. 2
3.2.1. Process description
In this option we only add the refrigerant condenser E-2894 in
the propane package to save the amount of propane needed to
cool the dry gas before compressor station. The modification is
illustrated in Fig. 4. The new conditions of streams are given in
Table 6 where the temperature of reboiler is 100 C not 205 C,
the specification of lean glycol solution and propane specifica-
tions are shown in Table 7.
Referring to Fig. 2, the rich glycol solution leaves from the
bottom of the tower (stream 15) and flows through the throt-Flash 
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of Akik gas plant (option no. 3).
Table 9 Specifications of lean glycol solution and propane
refrigeration in option 3.
Specifications Lean glycol
solution
Propane
refrigeration
Pressure
(kPa)
6950 400
Temperature
(C)
60 5
Circulation rate
(bbl/day)
315 4612
Concentration, % mass 99.7% mass 100% propane
Table 10 Comparison between the equipment’s cost needed
to be added and the utility costs for the three options.
Equipment name Original
case
Option
1
Option
2
Option
3
Gas/gas exchanger
(E-2892)
0 1 0 0
Refrigerant condenser
(E-2894)
0 1 1 0
Glycol air cooler
E-2793
0 0 0 1
Total cost, MM.LE (for
equipment add)
0 1.1806 0.0906 0.0786
Energy consumption,
MMBtu/h
1.8 1.5 1.5 0.55
Electricity cost LE/h
(glycol pump)
0.83 LE/kW
32.48 32.48 40.53 32.48
Steam cost LE/h
(regeneration reboiler)
41.3 41.3 11.9 41.3
Refrigerant – propane
cost LE/h
35 15.4 14.7 15.4
Revamping of dehydration gas plant 481tling valve to decrease the pressure to 1.5 bar then to glycol fil-
ter F-2790, heat exchanger E-2791 (with the duty 313,699 kJ/h)
and glycol reboiler R-2790 to the glycol stabilizer separator T-
2791 (number of stage 5, top stage temperature, 92 C, bottom
stage temperature, 100 C, top stage pressure, 120 kPa, bottom
stage pressure, 150 kPa and reboiler ratio 0.07 (stream 16)
where gases and water vapor exit from the top and lean glycol
returns to E-2791 (stream 17).
In this option the dry gas leaves from the top of the TEG at
64.1 kg water/MMSCM gas
 The hydrocarbon dew point of residue gas is 3.6 C.
 Hydrate formation temperature is 8 C.
 Condensate production is around 422 kg/h with RVP
75.8 kPa.
 The amount of stripping gas needed for glycol regeneration
is around 0.136 MMSCM.
 The equipment needs to be added as the new operating con-
ditions are as in Table 10.3.3. Option no. 3
3.3.1. Process description
In this option we add glycol air cooler E-2793 in glycol pack-
age TEG to decrease the temperature in the contactor C-2791
by decreasing the temperature of lean glycol from (stream 18)
to (stream 19) and hence decrease the temperature of dry gas
leaving the contactor (stream 3). The modification is illustrated
in Fig. 5.
The new conditions of streams are given in Table 8, while
the specification of lean glycol solution and propane specifica-
tions are shown in Table 9.
In this option the dry gas leaves from the top of the tower at
64.1 kg water/MMSCM
 The hydrocarbon dew point of residue gas is 3.6 C.
 Hydrate formation temperature is 12 C.
 Condensate production is around 422 kg/h with RVP
75.8 kPa.
 The amount of stripping gas needed for glycol regeneration
is around 3398 SCM/D.3.4. Model assessment of Akik gas plant
This study states the main points of each option, the list of
equipment, which need to be added, the equipment cost cor-rected for the year 2013 using the cost index [13] in Akik gas
plant.
Table 10 shows the results of computations. In the first
option we need to add a gas/gas exchange E-2892 (the cost is
1.1806, MM.LE) and refrigerant condenser E-2894 (the cost
is 0.0906, MM.LE). In option no. 2 we need to add a refriger-
ant condenser E-2894 (the cost is 0.0906, MM.LE) to reach the
same conditions in option one, while in the third option we
need to add glycol cooler E-2793 (the cost is 0.0786, MM.LE).
From comparison among the three options we selected the
third option for the following considerations as in Table 10.
 Lowest equipment cost.
 Lowest utility cost.
 Lowest energy consumption.
4. Conclusion
A steady state model of gas plant has been built in order to
assess the operating process as well as the main equipment
included in the plant. Three different options were applied to
dehydration of the gas. The main points of each option and
the list of equipment needed to be added to Akik gas plant
are estimated for all options. From comparison among the
three options we selected, the third has the lowest energy con-
sumption needed for plant operating as well as lowest equip-
ment cost. The results of this model can be considered as the
basis on which a new heat and material balance will be devel-
oped for Akik dehydration gas plant.
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